Introduction
The Indo-Pacific region contains the highest global marine biodiversity including fishes, molluscs, benthic crustaceans and corals (Tittensor et al., 2010) . Understanding the biogeography and ecology of marine species in such biodiversity hot spot is essential to protect our marine resources because this can allow us to understand the present biodiversity status and predict changes under the effect of global warming (Firth et al., 2009; Tittensor et al., 2010) .
The life cycle of common intertidal organisms includes a planktonic larval phase and sessile or benthic adult phase. As a result, the biogeography of intertidal species is driven by the supply of larvae, their dispersal range, settlement, and subsequent recruitment into the adult population. In most cases, larvae with longer developmental periods have longer dispersal distance (Scheltema, 1988) , resulting in a wider geographical distribution. Recent studies (e.g., Barber et al., 2000 Barber et al., , 2006 Zakas et al., 2009) , however, showed that the interplay between larval supply, local oceanographic currents and geographical isolation can result in retention of larvae in both regional or local scales, leading to distinct assemblage structure and geographic distribution (see Scheltema, 1988; Kojima et al., 1997; Pannacciulli et al., 1997; Wethey, 2002; Dawson et al., 2010; Reece et al., 2010) . In addition to the effects of ocean current on larval dispersal, temperature and recruitment also can affect the survival and sustainability of both cold and warm marine species, thus affecting their biogeography (Herbert et al., 2007; Jones et al., 2009 ).
On rocky shores, barnacles often are used as model and representative species to study the biogeography of intertidal species, as they are the major space occupiers and often have wide geographical distribution (Darwin, 1854; Southward & Crisp, 1956; Crisp & Southward, 1958; Crisp et al., 1981; Southward, 1991; Chan et al. 2007a, b; Tsang et al. 2008a Tsang et al. , b, 2011 . The larval (planktonic) phase of intertidal thoracican barnacles consists of six naupliar stages and a single cypris stage prior to settlement (Walker et al., 1987) . The complete larval development period of intertidal barnacles including the genus Tetraclita and Chthamalus in the Pacific ranges from 14-21 days for dispersal in the ocean (Chan, 2003; Yan & Chan, 2004 Ecosystem -averaged from YL,  HP, TI, Kuroshio Ecosystem, averaged from ST, XG, HK, Taiwan Strait Ecosystem, averaged  from SS, GM and CI , China Coast Ecosystem, averaged from MT and K1 (site abbreviation,  see Table 1 ). Sea surface temperature map in Fig. 1C , D. was derived from NOAA/AVHRR SST images. Sea surface temperature and chlorophyll a data in Fig.1E , F was produced with the Giovanni online data system (developed and maintained by the NASA GES DISC). In the northwestern Pacific, Taiwan is a large island located between the Philippines and Japan, and is a mixing zone of several major oceanographic currents. This current mixing has produces a great diversity of physical characteristics (including sea surface temperatures and salinities) in the marine ecosystems there. The north and north east coasts are mainly rocky shores and their hydrography is primarily subject to the East China Sea Large Marine Ecosystem (Tseng et al., 2000) . The East China Sea is the largest marginal sea in the northwestern Pacific region. The East China Sea is bounded to the east by the Kuroshio Current (Chen et al., 1995) , to the west by mainland China, and receives much surface runoff from Chanjiang River (Tian et al., 1993) . The northeast coast of Taiwan is the eastern boundary of the East China Sea, separating from the Kuroshio Current, with its steep continental slope (> 1000 m depth, Fig. 1A ) in which the Kuroshio Current flows. The Kuroshio Current intrudes from the East China Sea to the boundary region in northeastern Taiwan (Tseng et al., 2000) . Between 2007 and 2009, average summer (July-September) sea surface temperature in the northeastern coast varied from 27-28°C (Giovanni database, NASA, USA; see section 2.2). In winter (December-February) the average surface seawater temperature in northeastern coast varied from 20-21°C (Figs. 1 B, C, E).
Site name
The eastern and southeastern coastlines of Taiwan include rocky shores and coral reefs, with hydrography affected by the warm Kuroshio Current, which has a low chlorophyll a concentration (Figs. 1D, F). The Kuroshio Current originates in the Philippines, flowing northward to pass through Taiwan and reaches Honshu in Japan (Muromtsev, 1970) . The northward velocity of the current can reach 4 knots (Nitani & Shoji, 1970 Under such diverse marine ecosystems and temperature regimes, biogeographic zones of intertidal species are distributed in relation to these different marine influences and climate zones. A gradient of warm water and cold water species appears to exist from the eastern to the northern coastlines of Taiwan. Chan et al. (2009) reviewed and reported on the distribution of 94 thoracican barnacles in Taiwan, suggesting that their distribution was related to marine currents and climatic patterns. For example, the intertidal barnacle Tetraclita spp. exhibited distinct distribution among different marine ecosystems. T. kuroshioensis and T. japonica formosana are distributed along the north, northeastern, and southeastern coasts of Taiwan, their presences related to the Kuroshio Current (Chan et al., 2007a, b; . Tetraclita squamosa is present along the coasts of the mainland China and the distribution is affected by the South China Sea Surface Current and the China Coastal Current (Chan et al., 2007a . Along the southeastern and eastern coasts are both northern (cold water) and southern (warm water species) barnacle species. Chthamalus moro, C. malayensis and T. chinensis which are more abundant in the southern waters of Taiwan, are reduced in abundance towards the north (Tsang et al., 2008 , Chan et al., 2009 ). The cold water species, C. challengeri are only found in Matsu and Kinmen Islands, which are influenced by the cold China Coastal Current, and these species are absent from the Taiwan main island (Chan et al., 2009) .
With the anthropogenic increase in carbon dioxide production, the temperature of the earth is increasing and the recent global climate is changing, affecting the ecosystems of the world Hawkins et al., 2009 ). Among different ecosystems, the rocky intertidal zone is a harsh habitat strongly influenced by both physical (e.g., thermal stress) and biological (e.g. competition) factors. Rocky intertidal species therefore are sensitive to environmental changes, and can show rapid responses (Thompson et al., 2002 , Rivadeneira & Fernandez, 2005 Helmuth et al., 2006; Hawkins et al., 2009 ). Increased seawater temperature has resulted in range shifts of intertidal species in northern temperate Atlantic waters (Southward et al. 2005; Helmuth et al. 2006; Lima et al., 2006 Lima et al., , 2007a Mieskowska et al., 2006 Mieskowska et al., , 2007 Herbert et al., 2007; Hawkins et al., 2008) . In the northwestern Pacific at present there are no studies concerning the range shift of intertidal organisms, because the baseline biogeographic pattern species is still poorly known. To understand the effects of climatic change on intertidal species distributions, it is essential to understand in detail the biogeography of multiple intertidal species, particularly those in the northwestern Pacific. A comparative multispecies approach can reveal broad biogeographic patterns because different species have different reproductive seasons and larval periods, thus seasonal variation in larval survival and development will be strongly affected by current patterns and thus geographic distribution.
In this chapter, we report on the biogeography of 21 intertidal barnacles in different marine ecosystems and climatic zones in Taiwan to provide quantitative baseline biogeographic data for future temporal comparative uses. We hypothesize that the biogeography of intertidal species in Taiwan is being affected by the marine ecosystems, which differ in www.intechopen.com environmental factors, including water temperature, salinity and chlorophyll concentration (an indication on the primary production of the marine ecosystem), and along the climatic zones in southeastern and eastern coastal Taiwan.
Materials and methods

Study sites and sampling
Barnacles were surveyed at 29 locations distributed around the Taiwan main island and on outlying islands in 2007 and 2008 (Fig. 1A) . Sampling locations covered all the marine ecosystems of Taiwan (Fig. 1) . Eleven sites were located on the north and northeastern coasts of Taiwan, hereafter named as North Coast (NC) ecosystem for clarity ( 
Environmental factors
Variation in monthly seawater temperature and chlorophyll a concentration were obtained from the Giovanni database, NASA, USA (see web link in reference section) at Yeliu, He Ping Dao, Turtle Island (located in the N Coast Ecosystem; site details, see Table 1) , Shi Ti Ping, Xiu Gang, Hai Kou (located in the Kuroshio Ecosystem), Sheung Shan, Gaomei and Ci Qu (located in the Taiwan Strait Ecosystem) and Kinmen and Matsu (located in the China Coastal Ecosystem).
Variation in barnacle assemblages in different marine ecosystems
Variations in the barnacle species semi-quantitative abundance among different marine ecosystems in Taiwan (N Coast Ecosystem, Kuroshio Ecosystem, Taiwan Strait Ecosystem and the China Coastal Ecosystem) were investigated using multivariate analysis (PRIMER 6, Plymouth Routine in Multivariate Analysis, PRIMER-E Ltd; Clarke, 1993) . The species abundance data were square root transformed prior to analysis and the matrix of similarity between each pair of sites was calculated using Bray-Curtis similarity index (Bray & Curtis, 1957) . Non-metric multidimensional dimension scaling (nMDS) was used and we plotted the two dimensional ordinations of the ranked orders of similarity among the species composition at sites (Clarke, 1993) . One-way analysis of similarity test (ANOSIM; Factor: marine ecosystem) and global R test (Clarke & Green, 1988 ) was calculated to test the significant differences in the assemblage structure among the marine ecosystems in Taiwan. SIMPER analysis was conducted to examine the diagnostic species between each pair of marine ecosystems (Clarke, 1993) .
Variation in barnacle species composition and environmental factors
For representative species that exhibit diagnostic distribution among the marine ecosystems, the distribution and semi-quantitative abundance of the species was plotted on the satellite image ocean sea surface temperature and chlorophyll a concentration (NOAA/AVHRR SST images, 7/2007 and 12/2007). Through this approach we attempted to detect environmental factors responsible for the variation in species abundance among different marine ecosystems
Results
Species composition in relation to marine ecosystems
A total of 21 species of intertidal barnacles were recorded from all marine ecosystems in Taiwan. Fifteen species were recorded in the N Coast Ecosystem. The Kuroshio Ecosystem includes 17 species. Overlap of species occurred between the N Coast Ecosystem and the Kuroshio Ecosystem, with 13 species (except Pseudoctomeris sulcata which is only present in the N Coast Ecosystem) detected in the N Coast Ecosystem also recorded in the Kuroshio Ecosystem; however, abundance values varied between the two ecosystems ( From nMDS ordination plots of the species abundance, the ordinations of the sites in each marine ecosystem formed distinct clusters ( Fig. 2A) . The clusters of the N Coast Ecosystem and the Kuroshio Ecosystem are closer together (Figs. 2B, 3A) and, except the Tung Sha Island, which is located in the South China Sea, were distinct from all main clusters. The clusters of Taiwan Strait Ecosystem and the China Coastal Ecosystem separated clearly from the other ecosystems ( Figs. 2A, 2B, 3A) . The pattern of the nMDS ordination plot was further supported from the ANOSIM analysis, which showed significant differences in the species abundance among the marine ecosystems (R = 0.78, P < 0.001). From cluster analysis, the similarity of the assemblages between the East China Sea and the Kuroshio Ecosystems was 60%, showing these two ecosystems have similar species composition (Fig. 2B) 
Discussion
Biogeography, marine ecosystems and environmental factors
In this study, the species composition of intertidal barnacles in Taiwan is related to the individual marine ecosystems and to obvious biogeographical zones among the marine ecosystems. Barnacle species composition is similar between the N Coast Ecosystem and the Kuroshio Ecosystem, but abundance patterns differed between these two ecosystems. Species composition the Taiwan Strait Ecosystem and the China Coast Ecosystem are clearly distinct from the other ecosystems.
Comparing species composition between the N Coast Ecosystem and Kuroshio Ecosystem, almost all species collected in the N Coast Ecosystem were present in the Kuroshio Ecosystem, but the Kuroshio Ecosystem has additional diagnostic species. Similar species composition between the N Coast Ecosystem and the Kuroshio Ecosystem can be attributed to the intrusion and mixing of the Kuroshio Current at the N coast of Taiwan. In summer, the Kuroshio sub-surface water in the Pacific Ocean intrudes into the East China Sea in the waters around N and NE Taiwan, resulting in cold eddies in those regions (Tseng et al., 2000) . In winter, the intrusion of the Kuroshio Current further shifts westwards onto the N coast of Taiwan (Tseng et al., 2000) . Under the mixing of the Kuroshio and the waters in the East China Sea, the larvae of the intertidal barnacle can probably disperse between ecosystems, resulting in overlap of a considerable proportion of species. Although there are common species between the N Coast Ecosystem and the Kuroshio Ecosystem, latitudinal variation of species abundance occurs from the Kuroshio Ecosystem to the N Coast Ecosystem. Chthamalus malayensis and Chthamalus moro are warm water species common in the South China Sea region, including Hong Kong, the Philippines, and SE Asian locations (Yan & Chan, 2001; Rosell, 1972 Rosell, , 1986 Southward & Newman, 2003; Tsang et al., 2008) . These two species had higher abundance in the southern locations of Taiwan main island and their abundance decreased from the E coast to the NE coast and were absent from the N coast locations. The decrease in abundance when approaching northwards in the east coast of Taiwan may be related to the change in seawater temperature. The seawater temperature in the N Coast Ecosystem is colder than the Kuroshio Ecosystem due to the strong NE monsoon in the East China Sea (Figs. 1B, C, E) . C. malayensis and C. moro were not recorded from geographical locations (e.g., Japan) further north than Taiwan Southward & Newman, 2003) , suggesting the NE coast of Taiwan may be their northern geographical limits. Decreasing abundance in cooler water species along a latitudinal gradient in Taiwan (Figs. 3B, C) is similar to barnacle distribution patterns reported in the British Isles. There, the warm water species Chthamalus montagui and C. stellatus reach range limits in the Central English Channel and fail to enter the North Sea due to reduced water temperature. By comparing the distribution pattern of Chthamalus in the UK from 1950 to 2004, Chthamlaus showed range extension in the English Channel and with extensive recruitment in warmest years (Herbert et al., 2007) . Under the effect of global warming, warm water barnacle species along the east coast of Taiwan can expand northwards. The E to NE coast in Taiwan can provide excellent sites for monitoring range extension of intertidal species under the influence of the global climatic changes. Monitoring abundance and recruitment of warm water barnacle species at the NE Coast where their populations sharply decrease in abundance will clarify temporal and spatial scales of change and allow future comparative studies.
Hexechamaesipho pilsbryi is a high-shore barnacle recorded from Honshu and Okinawa in Japan and also in Taiwan . The abundance of Hexechamaesipho pilsbryi decreased from south to north along the eastern coast (Fig. 3D) . Hexechamaesipho pilsbryi is also recorded in the Philippines and Borneo waters (B. K. K. Chan unpublished data). From molecular analysis, it appears there are northern and southern populations of Hexechamaesipho, and the Taiwan populations belong to the latter (B.K.K. Chan, unpublished data) . This suggests that Hexechamaesipho is distributed along the Kuroshio Current, but there is a physical boundary at Taiwan that blocks gene flow between the northern and southern populations.
The tetraclitid barnacles Yamaguchiella coerulescens and Octomeris brunnea were present only in the Kuroshio Ecosystem and were entirely absent from the N Coast Ecosystem. Y. coerulescens is reported common in the waters of the Philippines (Rosell, 1972 (Gopal et al., 2006) , suggesting that gene flow across the Mozambique Channel is rather limited.
Chthamalus challengeri is a northern species that is abundant on temperate shorelines, including Yellow Sea, East China and the Japanese coastline. In Kinmen and Matsu, due to the low seawater temperature of the Chiangjian runoff and the China Coastal Current (Tseng et al., 2000) , the environment may favor the survival of C. challengeri. C. challengeri is absent from Taiwan main island probably because the relatively higher seawater temperature on the N Coast Ecosystem and in the Kuroshio Ecosystem prevents its survival and recruitment. Further monitoring and examination of larval composition in Taiwan is needed to reveal the arrival of C. challengeri larvae into the waters around the Taiwan main island.
Most of the shorelines in the intertidal of the Taiwan Strait are occupied by mangroves or are open, sandy shores, and consequently, few intertidal barnacle species were recorded. In the present study, only Fistulobalanus albicostatus was collected on mangrove trunks. Fistulobalanus is a widespread estuarine barnacle species in Pacific waters, and can be abundant in brackish waters. In the present study, Fistulobalanus is abundant in the Taiwan Strait Ecosystem because of its association with mangrove and soft shore habitats. The absence of F. albicostatus from the other three marine ecosystems (except its rare occurrence in Kinmen) may be due to the rocky intertidal shorelines of those sites, and the lack of soft benthic habitats.
Conclusions
The marine ecosystems and associated barnacle species of Taiwan provide an excellent opportunity to study and monitor the processes of climate change. The present study demonstrates that the biogeography of intertidal barnacles in Taiwan is strongly influenced by oceanographic currents and water temperature differences among the several marine ecosystem. The Kuroshio and N Coast Ecosystems share a great proportion of species in common. However, we detected a gradient of decreasing abundance of the warm water species including Chthamalus malayensis, C. moro and Hexechamaesipho pilsbryi along the East coast of Taiwan, and with a sharper decrease in abundance to the NE coast of Taiwan.
Yamaguchiella coerulescens was only detected on the east coast of Taiwan. Under the effects of global warming, warm water barnacle species are expected to expand their distributional ranges, similar to the case of Chthamlaus spp. in the English Channel (Herbert et al., 2007) . The abundance of warm water barnacle species in the E and NE coast can be used as an indicator for global warming. Further studies should conduct regular monitoring to sample the abundance and recruitment of warm water barnacle species on the NE coast of Taiwan, and be designed to detect range extensions of intertidal species under the effects of climate change.
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